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(54) Method and device for detecting a variation in a flowing medium 

(57) In a method for detecting a variation, such as a 
variation in the concentration of a substance, in a flow- 
ing medium, vtfhereby a sample of the medium is made 
to flow past a sensor (20, 24) for detecting the vanation, 
the direction of flow of the sample is reversed and the 
velocity of the sample in relation to the sensor (20, 24) 
is reduced during the samples passage through the 
sensor. Thus, a device for detecting such a structure or 
variation contains a sensor (22, 24) and means (28, 32) 
for r«rereing the direction of flow and reducing the 
velocity of the sample of Ihe medium. 
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The present invention relates to a method and 
device for detecting a variation, such as a variation in 
ttie concentration of a substance, in a flowing medium 
by passing a sample of said medium trough a sensor at 
a lower velocity for detecting the variation. 

""le long response times of gas sensors is a major 
disadvantage in many applications. Sensor sluggish- 
ness canlead to distorted results in e.g. the measure- 
ment of variation, such as rapid changes in the 
concentration of a substance in a flowing medium 
TiJus. a sluggish sensor would cause a steep pulse 
stope to be rendered with a lean slope, in the ventilator 
and anaesthesia arts, the slow response time is a par- 
ticular problem with oxygen sensors but is also a prob- 
lem with carbon dioxide sensors. 

in avoiding the aforesaid problems with sluggish 
sensors, special measurement methods of varying 
complexity must often be used. See EP - Bl - o 392 503 
which describes a special technique for detemiining 
oxygen consumption and carbon dioxide output from 
breath to breath in a patient on a ventilator. 

Anottier speaal measurement method is disclosed 
in US - A - 4.202.352. where exhaled gas from several 
breaths are stored in a gas storage tube. During analy- 
sis, the stored gas is passed tiirough a gas analyser at 
a reduced velocity (compared with the velocity of the 
exhaled gas). 

One drawbad^ with this method, is the risk of diffu- 
sion of gas within the stored gas. in particular, the diffu- 
sion will be greatest within parts where rapid changes in 
concentration are present. There is also a risk that tube 
Itself will cause contamination of the gas. This happens 
because gas particles near the wall of the tube can have 
other flow characteristics than gas particles in the mid- 
dle of the tube (e. g. laminar and turbulent flows have 
different characteristics). 

The objective of the present invention is to set forth 
a new technique for resolving the above problems in a 
simple fashion. 

This objective is achieved with a method and a 
device of the initially described kind with the features set 
forth in claims 1 and 4 respectively 

When the sanple is reversed in relation to the sen- 
sor the latest drawn part of the sample will first be ana- 
lysed (with a lower velocity through the sensor). By 
confrolling the sampling in an appropriate manner, the 
most interesting portions of ttie sample can hereby be 
analysed witfi no risk of diffusion or other contamination 
of the sample, if the sensor reproduces the variation in 
a generally accurate fashion, the exact variation can 
subsequentiy be elecft-onically restored with tfie aid of 
an appropriate computer algorithm. 

tt should be noted that tile above technique is suit- 
able for use only if certain characteristics of ttie sample 
IS of interest, since ottier information in the sample is 



According to advantageous embodiment of ttie 
invention, the sample of tfie medium is pumped from tiie 
ftowing medium witti a higher velocity than the vefocity 
Of the flowing medium. This contributes to enhance ttie 
resolution of rapid changes. «ennanceine 

AoMrding to anottier advantageous embodiment of 
the device according to ttie invention, the sensor is 
placed to measure ttie variation as ttie pump draws ttie 
sample from ttie flowing medium. This naturally only 
7 provides for a coarse analysis. However, ttie coarse 
analysis can be used for spotting ttie interesting parts of 
tfie sample, and be used for controlling when to stop 
and reverse ttie ftow witti a tower velocity for detailed 
analysis of the interesting part. 

According to yet anotfier advantageous embodi- 
ment of ttie device according to ttie invention, several 
sensors are arranged to measure ttie variation of one 
substance at several locations or to measure the varia- 
tion of several substances at one or several location(s). 

The invention will now be explained in greater 
detail, referring to the attached drawing in which 

FIG. 1 illusttates ttie application of ttie technique 
according to ttie invention to a ventilator system. 
FIG. 2 shows a first suitable position for ttie sensor 
and pump witti such a ventilator system, 
FIG. 3 shows a second suitable position for the sen- 
sor and pump witti such a ventilator system, and 
FIG. 4 shows a diagram which schematically depict 
an advantageous effect of tfie mettiod according to 
the invention. 



FIG. 1 shows a ventilator system witti a ventilator 2 
connected to a patient 10 via an inspiratory line 4 an 
35 expiratory line 6. and a Y piece 8. The patient is sup- 
plied with and relieved of a respiratory gas ttirough ttie 
lines 4. 6. 8. There are also a first measurement tube 1 2 
connected to ttie inspiratory line 4, a second measure- 
ment tube 14 connected to ttie Y piece 8 and, a ttiird 
40 measurement titoe 16 connected to ttie expiratory line 
6. The ttiird measurement tube 1 6 is connected close to 
ttie expiratory line's 8 outiet 18 to ambient air The 
measurement tubes 12. 14. 16 can be selectively con- 
nected, via a multiplex valve 20. to sensors 22. 24 and 
4s pressure gauge 26 for analysing ttie respiratory gas. 
These sensors 22. 24 can consist of an oxygen sensor 
22 and a carbon dioxide sensor 24. A pump 28 is 
arranged to pump specimens or samples of inspiratory 
and expiratory gases ttirough ttie measurement tubes 
50 12, 14. 16. via the multiplex valve 20. to ttie sensors 22 
24 and pressure gauge 26 for analysis. The sensors 22* 
24 can also be connected, via an additional tube 30 
connected to tfie multiplex valve 20. to ambient air or 
otfier suitable location (as disclosed below). Ukewise 
55 ttie outiet of ttie pump 28 can be connected to ambient 
air or other suitable location. 

The pump's 28 pumping rate and pumping direction 
IS controlled by a conttol means 32. In ttie embodiment 
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of FIG 1 . the sensors 22. 24 and pressure gauge 26 are 
situated at a distance from respective measurement 
point (connection point with inspiratory line 4. Y piece 8 
and expiratory line 6). In order to achieve relatwely short 
analysis times of sanples. the pump 28 is contrdted to s 
draw a sample from respective line at a fast rate (faster 
than the flow of the respiratory gas itself) for transport- 
ing samples from the sampling site on the inspiratory 
line 4. expiratory line 6 and Y piece 8 respectively to the 
sensors 22. 24 and pressure gauge 26. This also io 
enhances the resolution of rapid changes in respiratory 
gas. Pressures measured by the pressure gauge are 
corrected for the Influence of the measurement lines 12. 
14 16 in known manner. When a sample has been 
Duiriped past the sensors 22. 24 (and resides between is 
tiie soKors 22. 24 and the pump 28) the pumping direc- 
tion -18 reversed and the rate (velodly) is reduced to a 
slower pumping rate to pump the sample past the sen- 
sor 22. 24 in reversed direction. 

This approach Improves the ability of the sensors 2c 
22 24 to measure rapid variations or changes in the 
sanvles without the loss of information. If e.g. the steep 
' ' ' fonward flank of a pulse is of interest i.e. the pulse's rise 
time, and this pulse is pumped at "full" speed through a 
sensor, whose maximal rise time is much slower, the 2S 
sensor will reproduce the fonward flank with a slope 
greater than the true slope, and the measurement will 
accordingly be erroneous. As noted above, the problem 
of sensor sluggishness is greatest with oxygen sensors. 
However, if the velocity of the flank past the sensor is so 
slowed, the problem of a sluggish sensor can be 
reduced, and the sample can subsequently be eledron- 
. ically restored, with the aid of a suitable algorithm, to its 
original conformation. 

Since the sample passes the sensors 22. 24 when 3S 

rt passes towaids the pump, the signal from the sensors 
22 24 can be used (albeit the sluggishness of the sen- 
sors 22. 24) to indicate when the interesting part of the 
sanple has passed the sensors 22. 24. Upon such indi- 
cation (e. g. a steep forward flanl^. the pump 28 is 4o 
. stopped and reverse its pumping at a slower speed for 
detailed analysis of the interesting part of the sample. 
This also means that the most interesting part of the 
sartvie to analyse, will enter the sensors 22. 24 first, 
thereby reducing diffuston and contamination of the « 
sample. This will be even clearer in connection with 
FIGS. 2 and 3 below. 

The multiplex valve 20 can remain in the same state 
(allowing the sample to be pumped back towards the 
sanple site) or switched to connect with tube 30. If so 
swrtched to connect with tube 30. the sample can be 
pumped into ambient air. However, the tube 30 can also 
be connected to an evacuation system for collecting all 
sarrples or even connected to another part of the respi- 
ration lines (inspiratory line 4, expiratory line 6. Y piece ss 
8) The same can be said about the outlet of the pump 
28. This can also be connected to an evacuation system 
for collecting gas or even connected to another part of 



the respiration lines (inspiratory line 4. expiratory line 6. 
Y piece 8). ^. . 

So for the effect of the invention to be achieved, the 
direction of flow of the sample is reversed and the veloc- 
tty of the samplereduced in relation to the velocity of the 
Sedium to be analysed on this case respiratory^sy 

in the system in FIG. 1 . measurements of e.g. (»qr 
gen can be made in the inspiratory line 4. through the 
measurement tube 12. and in the ^;«tory line 6^ 
through the measurement tube 16. m determinatorre o^ 
the patientrs 10 oxygen consumption. The end tidal 
sam^e is taken from the Y piece 8. thmush the me^- 
urement tube 14 in the known manner, for determinaton 
of the carbon dioxide concentration. 

FIG 2 shows a Y piece similar to the one in the ven- 
tilator system in FIG. 1 In this enjxxliment. hc^evw. a 
different approach to placement of sensors is dsclosed. 
Ab^ncht^e 62 is connected to the Ypiece^As^ 
64 is arranged to analyse samples from t^eY pece 60 
in the branch tube 62. Samples can be e^jrt^iwi 
the main flow of respiratory gas through the Y piece WJ. 
With this location of the sensor 64. analysis can be 
made almost immediately after the sample has l^een 
taken A pump 66 is arranged to pump a sample from 
S?YpVec'e1?and reverse theflow (as indicated by the 
arrows) to pump the sample, at a slower rate. *rojjgh 
the sensor 64 (for analysis) back to the Y piece 60. If 
controlled accurately, the pump 66 could draw the pre- 
cise volume to be analysed, and return this to the Y 

'"^in^e embodiment shown in FIG. 2. however, a 
return tube 68 from the pump 66 passes excess gas 
over to the expiratory side 70 (the inspiratory side being 
designated 72). (Similar to what was described in con- 
nection with the embodiment of FIG. 1. such exce^. or 
surplus gas can be discareled completely to ambient air 
or to an evacuation system.) 

-me sensor 64 is connected to a control means 74 
for the pump 66. As described above, a coarse anal>^B 
can be made as sample gas fe drawn ttvo"9h th® 9jv 
sor 64 towards the pump 66 fbr identifying interwfing 
parts of the sampled gas. whereupon the pump 66 is 
reversed and slowed down for detailed analysis. 

One important advantage of this method is shown 
in the diagram in FIG. 4. The diagram shows conwrWa- 
tion and time for a curve 78 (e. ^J^^COrCurvey^e 
curve 78 includes two steep parts with rapid changes. A 
sampling area is indicated between two lines 80. ffi. An 
upper arrow shows the time-based sample direction, i. 
e from zero to maximum concentration. When analys- 
ing the sample with reversed flow, the time-based ana- 
lysing direction will be the opposite as indicated with the 
lower arrow, i. e. the steep rise will be analysed from 
maximum towards minimum. Hereby, the most interest- 
ing part of the sample (near the maximum) will be ana- 
lysed first, giving practically no time for diffusion of COz 
to parts of the sample having lower ooncentraton of 
CO2. 
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FIG. 3 shows an alternative embodiment to the one 
disdosed in FIG. 2. Components and elements that can 
t)e identeal have the same designation numbers. The 
major difference is that the branch tube 62 conprise a 
separate return tube 62A. in which the sensor 62 is 5 
placed. When a sample is drawn from the Y piece 60 
through branch tube 62 it will pass a valve 76. which is 
switched to conduct the sample to the return tube 62A 
when the pump 66 is reversed. 

Claims '° 

1 . A method for detecting a variation, such as a varia- 
tion in the concentration of a substance, inaflowing 
medium, a sample of the medium being made to 15 
flow past a sensor (22. 24; 64) with a velocity that is 
lower than the velocity of the medium for detecting 

the variation, characterized in that the flow direc- 
tion of the sample is reversed beibre passing the 
sample through the sensor (22. 24; 64) at the lower 20 
velocity. 

2. A method according to daim 1. characterized in 
that the sample is drawn from the flowing medium 
with a velocity that is higher than the velocity of the 2s 



3. A method according to claim 1 or 2, characterized 
In that a coarse detection of the variation is made 
when the sample is drawn from the flowing medium 30 
lor Identifying a ^ecific characteristic in the sample 
aiKl when the specific characteristic is identified. 

the flow direcHon of the sample is reversed to pass 
the sensor (22. 24; 64) with reduced velocity for 
detailed detecton of the specific characteristic. 35 

4. A device, for detecting a variation, such as a varia- 
tion in the concentration of a substance in a flowing 
medium, comprising a sensor (22. 24; 64) which a 
sample of the medium passes for detection of the « 
variation and a pump (28; 66) for drawing the sam- 
ple from the flowing medium and pumping it 
through the sensor (22, 24; 64) and a control 
means (32; 74) for controlling the pump. (28; 66), 
characterized in that the control means {32; 74) 4s 
controls the pump (28; 66) to draw a sample from 

the flowing medium and then reverse the direction 
of flow for the sample and pump the sample at a 
lower velocity through the sensor (22. 24; 64). 

5. A device according to claim 4, characterized in ^ 
that the sensor (64) is arranged at the point where 
the sample is drawn from the flowing medium 
whereby the pump (66) is controlled to first draw the 
sample from the flowing medium through the sen- 55 
sor (64) and then reverse the direction of flow for 
the sample and purrp the sample at the lower 
vetodty through the sensor (64). badt to the flowing 



medium. 

6. A device aoconding to daim 4 or 5. characterized 
in that the control means (32; 74) is connected to 
ttie sensor (22. 24; 64) and controls the reversal of 
the pump (28; 66} depending on a measurement 
signal from the sensor (22. 24; 64) when a sanole 
is drawn. 

7. A device according to any of the daims 4-6. char- 
acterized in that the control means (32- 74) con- 
trols the pump (28; 66) to draw a sample from the 
flowing medium with a velocity that is higher than 
the velocity of the flowing medium. 

8. A device according to any of claims 4-7. character- 
ized in that a plurality of sensors (22. 24) is 
arranged to measure a plurality of different varia- 
tions in the flowing medium, such as the variations 
in concentration of a plurality of different sub- 
stances. 

9. A device according to any of claims 4^, character- 
ized in that the flowing medium is inspiratory gas 
from a ventilator (2) or anaesthetic madiine to a 
patient (10). 

10. A device according to any of daims 4-9. character- 
ized in that the flowing medium is expiratory gas to 
a ventilator (2) or anaesthetic madiine from a 
patient (10). 
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FIG. 2 
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